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AN INVKSTIQATIDN OF THZ AWODHUMIC GHABACTIRIS,"IG3 
CF ROTATE« CIRCULAR AMD TRIANGULAR CTLIHEKÖ 

By R.  H.  Heald and L.  M.  Sargent 

1.     INTRO DUCT IOM 

This investigation, w«. nducted on request of representatives of the 

(Chemical Warfare Laboratories, Army Chemical Center, Maryland, concerned the 

question of lift, drag, and spin magnitudes developed by rotating missiles 

having circular and triangular cross sections*    The models used in the 

experiments «ere free to rotate on ball-bearing spindles, and were driven by 

air impingement on narrow blades extending lengthwise along their surfaces. 

She models ere shown in figure 1, and their principal dimeneione are give« 

in the headings of tables-1—h»    In the cases of the large cylindrical 

rotor and the ewe triangular rotors, the lift and drag forces were suf- 

ficiently large to permit measurements on the flexure-plate balance as well 

as the NFl balance.    The original bearing, and spindle arrangement which 

supported each model was used in each set of measurements.    All force 

lurements were «ad* during steady rotation of the models. 

The experiments were conducted in the National Bureau of Standards 

6-foot wind tunnel at air speeds ranging between 53 and 275 feet par second. 

The corresponding range of Reynolds Numbers was from Q.k x IDr to 3.3 x 1£r, 

where    KM - —   and   V - air speed, fps,    d • basic diameter in the case of 

the circular shapes or face width in *ha case of the triangular shapes, feet, 

and   v - coefficient of kinematic viscosity ftr air at l5*C and 760 mm Hg - 

0.0000157 ft2/»««.. 

2.     HK&IJSMTAL PROC1DURNS 

The measurement■ for the smell cylinder were all made using the NFL-type 

of spindle aerodynamic balance which has msTlwai lift and drag force capaci- 

ties of about 3 pounds each and is graduated to 0.001 | nwsl     As previously 

indicated the forces acting on the other three models «ere measured em both 

the Nil balance and the high-capacity flexure-plate bt lance.    On the latter, 

measurement« can be obtained with em accuracy of sheet 0.2 

■men ef the models «me ««»»«ted by a 5/16-imoh 

attached enfcrtee m shevsa la figure L.    Lift me 

Ätncrcs; —»«Own« 
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on each model at a number of air speeds dusi/w steady state rotation.    The 

rotational speeds were determined by strobotac at the tins the force measure- 

«lents were made. 

Thb acceleration time of the triangular models was determined at an air 

speed slightly shove 70 alles per hour,    for these measureawuits the model was 

held stationary fro« outside the wind tunnel while the air speed in the tunnel 

was adjusted to the desired eteady value.    When this was obtained the model 

was released and rotation began.    The time required for the model to reach 

steady state rotation from rest was determined using a timer reading to 0.01 

second. 

3.    REULTS 

Yhe results of this investigation are given in tables 1 - U and the 

surnary table 5 which is based on mean values.    They are »h^wn plotted in 

figures 2-5.    The curves shown in the figuree were faired through the 

plotted values of rotational speed, lift coefficient   CL , drag coefficient 

C^ , and the ratio   °L   given in the tables.    For clarity individual points 

are not shown on the figure e. 

3.1   Rotational Characteristics 

is shown in figure 2, the rotational speed of th* small rotor varied 

linearly with air speed within experimental limits, the valnss ranging fran 

1690 rpm at a wind speed of 36. 3 nph to 10750 rpm at 156.8 nph.    for the test 

range the mean value of the ratio of rotational speed in rpm to wind speed in 

. ch was 60.1 (table 5).    The mean value of the ratio of tip speed in fps to 

air speed in fps for this rotor was 0.2oS. 

The rotational speeds of tos large cylindrical rotor and the two tri- 

angular rotors departed appreciably froc a linear relationship with air speed 

la the higher speed regies», possibly as a result of model aal shaft distor- 

tion with ounseqasmt  1»reamed bearing frietion.    The speed ratios fir these 

rotors are also given in table 5.    aooelemtion tines «era 7.67 seco de at a 

wind spend of 71.1 mph for the trtsngmlar rotor enwinped with W* fins, and 

a.57 sennnis at 72.7 mph for the rotor with 120* flss. 
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3.2    Lift and Drag Characteristic• 

The results of the fbrce measurements are given in tables 1-1* and 

are summarized in table 5.    In general the data for the large cylinder and 

those for the two triangular shapes which were obtained using the two dif- 

ferent balance aye teas «re iü fair agreesisst.    As previously indicated» the 

flexure-plate balance Is not well adapted to the measurement of snail forces 

i.  e. , those amounting to less than about 5 pounds,    although there is 

considerable range in the values of drag coefficient with Reynolds Number, 

the mean values of   CQ   for the two circular cylinders do not differ- greatly 

in the range of Reynolds Nunbr.rd of the experiments} 0.U x lCr  to 1.6 x 1(T 

for the small cylinder, and 0.7 x lir  tc 3.3 x 10^ for the large cylinder. 

For these ranges of Reynolds Numbers and including the data taken on both 

balances, the mean value of drag coefficient for the large cylinder is 1.031 

as against a mean value of l.OiiO fcr the swall cylinder.    Correspondingly! 

the mean values of the lift coefficient were 0.1*6^. for tha large cylinder 

and 0.610 for the small one.    However, tne values of lift coefficient for 

the small cylinder obtained on the spindle balance  indicate the presence of 

substantial Reynolds lumber effects,    C.    ranging downward from 0.661 at 

R.   M.  - 0.J*)5 x 105 to 0.45 at R. N.  -  1.678 x 10*.    The measurements of lift 

of the large cylinder which were made on both balances Indicate rather small 

scale effects in the lower range of aeynolds Numbers, i.e. , between 0.7 x IQr 

and about 1.6 x Mr.    The data for the  large cylinder, obtained using the 

flexure-plate balance,  indicate an increase in   C,    of about 25 percent 

between R. X -  L7 x liT tad 2.6x 10 .    In the vicinity of the latter value 

of R.M.  the indications are that    C,    has reached a maximal and 1* tending 

to Jeersese at LL • 3.33 1 ltr.    TM variation of   °L   with Reynolds »umber 

*D 
for both circular cy linde re show« tbomt the same pattern as    C^   versus R, S, , 

since    CJJ   varies relatively slightly -dU» a. a. 

On the basis of mean valess the triangular rotors show l«*for values of 

both lift asm drag oeeffielet* la the teat range them do the eyliadrloal 

rotors,    a* shoma la table 5, the saaa value of   C^   for the triangular rotor 

with 90* flau is 0.78a, the lmdlvldvml valmee reaglag froa 0.62ä U 0.«9. 

I 
I 

The aoaa vales of    ^   for the tries* alar rotor igalafii with UO* f las la 

0.6*6, laaivldeml valeae raaglsg froa 0,7*5 %a 0.915.    The aaaa valmee of 

I ZZTHGS 
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CD    for the 90* fin rotor is 1.392 compared with 1.577 for the rotor equipped 

with 120* fins.    In the former case,  individual values of   C.    range fron 

1.31*8 to 1.1*71; in the latter case, the  range ia fro« 1.1*18 to 1.706.    The 

mean value of   _L    for the triangular rotor equipped with 90* fins is 17 per 

cent greater than that for the rotor with 120* fins. 

1*.     CONCLUSION 

The lift and drag characteristicr of the four rotors included in these 

experiments show considerable variation with Reynolds Number in the test 
Q 

range.    The values of lift and drag coefficient and     L    decrease continu- 

D 
ousJy as the Reynolds Number is  Increased.    On the other hand values of   J., 

CL  , and     \   for the large cylindrical rotor show less consistency with 

increaeed Reynolds Number.    Referring to figure 3»    C.    for this cylinder 

shows a decrease of trie order of 10 per cent from about 0.1*8 between R.N.  ■ 
0.7 x lCr    and 1.7 x ID  , followed by an increase above the minimum value 

(of about 0.1*3) amounting to about 1*0 per cent at the maximum.    Two points 

above R.N.  ■ ?•§ 1 10    indicate  the rate of increase in this region to be 

lessening.    The values of    Cfl   for this rotor show considerably less varia- 

tion with R.N. than the values of   C..    The range of   (L    is of the order of 

15 per cent, generally upward, and then downward as R.N.   Is increased from 

0.7 x 10* to 3.3 x ID5.    The value of   Cß - 1.00 at 3.3 x 10* is close to 

that at R. N.  - 0.7 x ID5.    Variations in the values of    JL   with R. N.   for 
C"" 

this model follow sco-vLet the same pattern as of   C-.      D 

The values of lift coefficient for the two triangular rotors, excluding 

three divergent points, and their means differ by only a few per cent.    In 

both cases a downward trend in   C.    is shown for values of LL   above 1.8 x 

values of   C-    for the triangular rotor equipped with 120* fine averaging 

about 11* par cent greater than for the rotor with 90* f las. 

KT .    The shapes of the    Cn    vs. E.H. curves differ quite appreciably, the 

For the Director. 
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REPLY TO

ATTENTION OF

DEPARTMENT OF THE ARMY
US ARMY RESEARCH, DEVELOPMENT AND ENGINEERING COMMAND

EDGEWOOD CHEMICAL BIOLOGICAL CENTER
5183 BLACKHAWK ROAD

ABERDEEN PROVING GROUND, MD 21010-5424

1 7 JAN lotL

RDCB-DPS-RS

MEMORANDUM THRU Technical Director (RDCB-D/Mr^5seph Wienand), Edgewood
Chemical Biological Center (ECBC), 5183 Blackhawk Road, Aberdeen Proving Ground, MD
21010-5424

FOR Office of the Chief Counsel (AMSRD-CCF/Mr. Brian May), US Army Research,
Development and Engineering Command (RDECOM), 3071 Aberdeen Boulevard, Aberdeen
Proving Ground, MD 21005-5201

SUBJECT: Freedom of Information Act (FOIA) Request

1. The purpose of this memorandum is to recommend the release of information in regard to a
Freedom of Information Act (FOIA) Request FA-12-0047.

2. On 3 Jan 2012, ECBC received RDECOM FOIA Tasker #FA-12-0047 from

Mr. Brian May, RDECOM FOIA Officer, which originated from DTIC in Fort Belvoir, VA. The
original request was from Mr. Michael Ravnitzky.

3. The following document was reviewed by Subject Matter Experts from ECBC on Aberdeen
Proving Ground, MD and deemed suitable for declassification and public release.

• AD-309180, An Investigation of the Aerodynamic Characteristics of Rotated Circular and
Triangular Cylinders, dated May 21, 1959.

4. The point of contact is Mr. Ronald L. Stafford, the ECBC Information Security Officer,
(410)436-6810 orronald.l.stafford.civ@mail.mil.

(JuUJu^^^^P.

Printedon fmj Recycled Paper0

End JUNE K. SELLERS ^Jhr)
Security Manager

CF: Defense Technical Information Center (DTIC), 8725 John J. Kingman Road, STE 0944,
Fort Belvoir, VA 22060-6218 (w/encl)


